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Possible phase transition in liquid Cesium at ambient pressure
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We report a molecular dynamics study of liquid cesium at ambient pressure intended to check the
possibility of liquid-liquid phase transformation at T = 590 K. We find the presence of small kinks
on thermodynamic characteristics of the system, but no phase transition.
PACS numbers: 61.20.Gy, 61.20.Ne, 64.60.Kw
INTRODUCTION
Cesium is an element which demonstrates extremely
complex behavior. The phase diagram of cesium con-
tains several structural transitions in crystalline region
[1]. At low pressures it forms an bcc phase (Cs-I) which
transforms into fcc (Cs-II) under pressure. Further pres-
surizing induces a transition into Cs-III phase which has
very narrow region of stability. More structural transi-
tions take place in Cs if the pressure is increased further.
Interestingly, both Cs-I and Cs-II phases demonstrate
maxima at the melting line. It is widely believed that
maxima on the melting line evidence of the complex be-
havior of the liquid phase. Moreover, from the common
sense one expects that close to the melting line the local
structure of liquids should be similar to the correspond-
ing crystal. That is why it is possible that structural
transformations in the solid part of the phase diagram
could induce also transformations in the liquid.
Such changes in the properties of the liquid Cs were
discovered several decades ago. For example, in Ref. [2]
the structure of liquid cesium at several pressures and
temperatures slightly above the melting line maxima was
measured by X-ray diffraction. The authors discovered
even two transformations. The first one at the pressure
P1 ≈ 2 GPa corresponds to changes from bcc-like liquid
to the fcc-like one. The second transition occurs at P2 ≈
3 GPa. This transition transforms the fcc-like liquid into
even denser one. Further evidence of the liquid-liquid
phase transition (LLPT) in cesium was reported in [3].
X-ray measurements of structure of liquid cesium at high
pressure and high temperature were performed and it was
found that the density demonstrated a jump at P = 3.9
GPa. However, in a recent work [4] it is claimed that
the procedure for measuring the density in Ref. [3] is not
enough precise and more accurate determination of the
density demonstrates no discontinuity.
Phase transitions in liquid cesium under pressure were
studied in a large body of publications. However, all
these publications were concerned to the transitions men-
tioned above. At the same time several years ago several
publications reported the possibility of another phase
transition in liquid cesium [5–8]. The authors of these
publications performed measurements of adiabatic ther-
mal pressure coefficient of liquid cesium at the ambient
pressure and the temperatures up to 600 K. The adia-
batic thermal pressure coefficient is defined as:
γ =
1
T
(
∂T
∂P
)
S
. (1)
From thermodynamic relations it can be shown that
γ = αP
ρcP
, where αP is the thermal expansion coefficient
and cP is the isobaric heat capacity. A small jump of γ
at the temperature T0 = 590 K was observed in [5–8].
Although this jump is just about 2%, the authors claim
that it is within the experimental uncertainties and make
a conclusion that a phase transformation takes place.
An important point about this transition is that it
takes place at ambient pressure and relatively low tem-
peratures. Typically LLPT in metals are related to elec-
tronic transformations. This explanation was also used
for explanation of possible LLPT in Ce at high pressure.
It is not clear whether electronic transformation can take
place at ambient pressure and temperature about 600 K.
However, LLPT can appear even in simple systems of
particles interacting via isotropic pair potentials (see, for
instance, [10–15]). In this case LLPT is induced by ex-
istence of two characteristic distances in the interaction
potential. Therefore, even at the conditions of experi-
ments from Refs. [5–8] LLPT appears as a transition
from BCC-like liquid to FCC-like one. However, up to
now only one group reported observation of this phase
transition at T = 590 K and independent measurements
would be able to shed light on the problem. There is
also a theoretical work [9] which pretends to describe
the transition in liquid Cs at ambient pressure by em-
ploying Lennard-Jones potential with parameters which
depend on the temperature. However, this model was
constructed specially to describe the results of experi-
ments on Refs. [5–8] and because of this it cannot be
considered as independent verification of the results of
these experiments.
In this paper we for the first time perform a simu-
lational study of the possible phase transition in liquid
cesium at T = 590 K and ambient pressure in order to
carry out an independent exploration of the phenomenon
by a different approach.
2SYSTEM AND METHODS
In the present study we simulated a system of 3456
particles in a cubic box with periodic boundary condi-
tions by means of molecular dynamics method. The in-
teraction of the particles is described by embedded atom
potential proposed by Belashchenko in Ref. [16]. This
potential was specially designed for molecular simulation
of liquid cesium. In particular, in Ref. [16] a possibil-
ity of LLPT at 3.9 GPa was questioned and no indica-
tions of the transformation were observed. The initial
configuration of the particles was taken to be bcc lat-
tice. We studied the temperatures from Tmin = 300 K
up to Tmax = 1200 K. At all these temperatures the
system rapidly melts. The system was simulated at con-
stant pressure (isothermal-isobaric ensemble). The pres-
sure was set to 1 bar. Additional simulations at 100 and
1000 bars were also performed. The time step was set
to 0.2 fs. The equilibration run took 5 · 106 steps and
the production run - 10 · 106 steps. We calculated the
equations of state of the system and the internal ener-
gies. The response functions (isobaric heat capacity cP
and thermal expansion coefficient αP ) were obtained by
numerical differentiation of these functions. We also per-
formed the calculations of structural properties (radial
distribution functions, structure factors and angle dis-
tribution functions) and diffusion coefficients. The later
were computed via the Einstein relation.
RESULTS AND DISCUSSION
First of all we calculate the equation of state along an
isobar P = 1.0 bar from Tmin = 300 K up to Tmax = 1200
K. We also performed calculations of enthalpy along this
isobar and computed the isobaric heat capacity cP by
numerical differentiation. The coefficient γ was obtained
as γ = αP
ρcP
, where the thermal expansion coefficient αP
was obtained by numerical differentiation of the density
αP = −
1
ρ
(
∂ρ
∂T
)
P
. The results for αP , cP and γ are given
in Figs. (a)-(c). One can see that in spite of rather good
averaging the data are still noisy. The thermal expansion
coefficient demonstrates two kinks at T = 620 and T =
690 K (Figs. (b)). Also a small maximum and minimum
are observed at T = 900 and 1100 K respectfully. The
isobaric heat capacity looks smoother although it is also
noisy in the interval 580− 720 K (Fig. (c)).
The behavior of the coefficient γ is mostly governed by
the behavior of the thermal expansion coefficient (Fig.
(b)). It also demonstrates two small peaks at T = 620
and T = 690 K which are slightly above the assumed
transition point.
A comparison with experimental values of γ is also
given in Fig. (a). One can see that the data from sim-
ulations are systematically lower. However, the kinks at
the γ from simulations almost coincide with the experi-
mental point (T = 620 K from simulation vs. T = 590
K from experiment) which allows us to assume that the
simulation shows qualitative agrement with experiment.
From Fig. (a) we cannot make a clear conclusion
about the presence of transition. Although we observe
some kinks in the adiabatic thermal coefficient they are
just a bit above the range of the errors of calculations.
However, the effect observed in experiments is also hardly
visible. In order to see whether there is a phase transition
in the system we study its properties on both sides of the
possible transition.
We study the equations of state along isotherms (Fig. )
and we do not observe anything which can be interpreted
as a phase transition.
As the next step we study radial distribution func-
tions and structure factors of the system (Fig. (a)
and (b)) and we again do not observe any significant
changes in the structure. Some less pronounced struc-
tural changes can be observed from the triplet correla-
tion function which is related to the angle distribution
function, shown in Fig. (c). However, this function
also does not demonstrate any changes by passing the
hypothetical transition point.
Phase transformations are usually accompanied by
jumps of the nearest neighbor number (NN). The loca-
tion of the first peak of radial distribution function also
can experience a jump. The coordination number can be
obtained as NN = 4piρN
∫ rm
0
r2g(r)dr, where ρN = N/V
is the number density of the system and rm is the location
of the first minimum of g(r). Fig. shows the number
of nearest neighbors at P = 1 bar isobar. One can see
that the NN is rather noisy. One can find some kinks
next to the kinks of γ, however, they are within the ac-
curacy of calculations. The position of the first peak of
g(r) changes smoothly with temperature.
We apply one more criterion which can establish the
presence of the phase transforation in the case of phase
transition one can expect that the mobility of particles
can change which would lead to the changes in diffusion
coefficient. The diffusion coefficient as a function of tem-
perature along P = 1 bar isobar is shown in Fig. . Again
we do not observe any changes in its behavior. The tem-
perature dependence of diffusion is smooth and does not
indicate any kind of phase transition.
Finally, we study the behavior of the adiabatic thermal
pressure coefficient along several isobars in order to see
if it demonstrates some kind of jumps at other pressures.
The results are shown in Fig. 6. One can see that at
all studied pressures the curves are rather noisy which
is, probably, related with numerical differentiation of the
results of the simulations and does not allow to make any
firm conclusion. Although we have checked that our sim-
ulation converged, there is always systematic noise in MD
simulation which can be reduced by increasing the aver-
aging. In order to reduce the noise we perform additional
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FIG. 1: (a) Adiabatic thermal coefficient, (b) thermal expan-
sion coefficient and (c) isobaric heat capacity of liquid cesium
at P = 1 bar. Experimental results from Ref. [6] are shown
for comparison at panel (a).
simulations. The simulation setup was the same as it was
described in the methods section. Some of the additional
simulations were performed starting from previously ob-
tained configurations. Others were started from different
initial positions. In total 10 different simulations at each
point were performed and the averaging of the quanti-
ties of interest was done. The results are shown in Fig.
7. One can see that the curve becomes smoother, how-
ever, the kinks at T = 620 and 690 K preserved. There-
fore, these kinks can be real feature of the system under
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FIG. 2: Isotherms of liquid cesium. From left to right: T =
600 K, 550 K and 500 K
.
investigation rather then numerical error, however, the
physical reason of these kinks is unclear.
In conclusion, we perform molecular dynamics study of
probable liquid-liquid phase transition in liquid cesium.
The results of the simulations do not show any traces of
phase transition in such quantities as equation of state,
radial distribution function, structure factor, angle dis-
tribution function and diffusion coefficient. However, the
adiabatic thermal pressure coefficient demonstrates two
small peaks which cannot be eliminated by increasing
the averaging. The origin of these peaks is not clear and
requires further studies.
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